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HJTRODUCTIOH 


With  the  possibility  of  a  more  extensive  use  of  nitrog- 
enous fertilizers  as  a  result  of  the  conversion  of  munition 
plants  to  the  production  of  fertilizers,  there  lias  recently 
been  a  rather  extensive  investigation  of  the  response  of 
plants  to  nitrogen. 

In  the  past,  most  of  the  work  with  fertilizers  has  been 
with  cash  crops,  relatively  little  attention  being  given  to 
the  improvement  of  grass  and  other  forage  orops  by  fertiliza- 
tion. The  possibility  of  a  cheaper  source  of  nitrogen  than 
has  formerly  prevailed,  together  with  greater  realization  of 
the  value  of  grass  in  the  farm  program,  has  resulted  in  in- 
creased attention  to  the  improvement  of  pasture  crops  by 
fertilization. 

Bromegrass  (Bromus  inermis  Leyss),  the  most  Important 
tame  grass  of  eastern  Kansas,  has  given  a  favorable  response 
to  the  application  of  nitrogenous  fertilizers  at  the  Kansas 
Agricultural  Experiment  Station  and  at  other  stations  through- 
out the  area  where  it  is  adapted.  It  is  a  native  of  central 
Europe  and  China,  and  has  been  extensively  cultivated  in 
Hungary  and  Russia.  It  was  introduced  into  the  United  States 
about  1884  (Whitman,  1941)  and  has  been  grown  widely  through- 
out the  country.   It  is  especially  well  adapted  to  a  dry  to 
subhumid,  oool  climate.  At  the  same  time  it  can  withstand 
moderate  to  high  temperatures  during  the  summer  months. 
Fuelleman  (1941)  working  at  Illinois  stated t 


Observations  and  data  show  that  approximately 
90  percent  of  the  total  growth  occurs  before  August  1, 
and  Indicate  that  bromegrass  is  not  only  drouth  re- 
sistant but  also  drouth  escaping.  Rapid  spring  growth 
and  high  early  seasonal  yields  tend  to  prolong  grazing 
through  mid-summer  dry  periods  until  the  time  when 
temperatures  and  precipitation  are  more  favorable  for 
fall  growth  recovery. 

Bromegrass  produces  a  highly  palatable  and  nutritious 
pasture  or  hay  crop.  Puelleman  (1941)  reported  that  chemical 
analyses  show  a  high  protein  and  ash  content. 

Bromegrass  produces  a  very  dense  sod  and  spreads  aggres- 
sively by  rhizomes.  The  roots  are  profusely  branched,  forming 
a  heavy  mass  of  roots,  especially  near  the  soil  surface.  Be- 
cause of  the  aggressiveness  and  matting  habit  of  growth,  it 
has  proved  of  great  value  in  erosion  control.  The  roots  of 
bromegrass  may  penetrate  to  a  depth  of  seven  or  eight  feet, 
but  the  general  working  level  is  the  upper  three  and  one-half 
feet  of  soil. 

A  characteristic  habit  of  bromegrass  is  its  tendency  to 
become  "sod -bound"  after  three  to  five  years  in  pure  stands. 
This  condition  is  characterized  by  a  yellowish,  stunted  ap- 
pearance with  varying  degrees  of  unproductiveness.  In  extreme 
cases,  plants  appear  dormant  throughout  the  season  producing 
practically  no  forage  or  seed. 

This  condition  has  been  attributed  largely  to  a  lack  of 
available  nitrogen.   Fertility  in  the  soil  will  delay  the 
arpearance  of  the  condition.  The  inclusion  of  a  legume,  such 
as  alfalfa  in  a  planting  with  the  bromegrass  is  often  an 
effective  method  of  delaying  the  appearance  (Prolick  and  Newell, 
1941).  The  use  of  nitrogenous  fertilizers  will  overcome  the 


condition  and  this  treatment  has  produced  significant  increases 
in  yield  of  forage  and  seed. 

For  the  most  part,  the  response  of  bromegrass  to  nitrogen 
has  been  studied  from  the  standpoint  of  top  growth  and  seed 
yields.  Newell  (1943)  has  shown  marked  increases  in  yield  of 
forage,  percent  protein  in  the  forage,  and  yield  of  bromegrass 
seed  as  a  result  of  nitrogen  applications.  Harrison  (1941) 
has  reported  marked  increases  in  forage  and  seed  yields  of 
bromegrass  as  a  result  of  spring  applications  of  nitrogen. 
Churchill  (1944)  reported  marked  inoreases  in  seed  yield  result- 
ing from  fall  and  early  spring  applications  of  40  and  80  pounds 
of  nitrogen  per  acre.  Various  investigators,  Knlow  (1929), 
McClure  (1929),  Dodd  (1935),  Gardner  (1939),  Tyson  (1939), 
Eheart  (1941),  Robinson  (1942),  and  Ahlgren  et  al.  (1944), 
have  reported  increases  in  both  dry  matter  and  percent  of  pro- 
tein in  the  forage  resulting  from  applications  of  nitrogen  to 
native  grasslands. 

Although  some  excellent  work  has  been  reported  relative 
to  the  effects  of  nitrogen  on  the  root  systems  of  grasses, 
information  on  this  subject  is  much  more  limited  than  on  the 
response  of  the  part  of  the  plant  above  ground. 

Most  of  the  results  reported  thus  far  have  been  on  appli- 
cation of  fertilizers  on  established  stands  of  grasses.  Pre- 
liminary investigation  at  the  Kansas  Agricultural  Experiment 
Station  has  indicated  that  under  greenhouse  conditions  brome- 
grass responds  to  phosphorus  fertilizer  applied  at  the  time  of 
seeding. 


Therefore,  it  was  the  purpose  of  this  study  to  determine 
the  response  of  the  root  system  of  bromegrass  to  fertilizer 
applications  of  nitrogen  and  phosphorus,  and  to  determine  the 
response  of  bromegrass  seedings  to  those  fertilizers  under 
greenhouse  and  field  conditions. 

REVIEW  OF  LITERATURE 

The  roots  of  grasses  have  commanded  the  attention  of 
investigators  for  many  years.  Much  of  the  early  work  was  in 
the  form  of  descriptions  and  habits  of  root  systems.  Ten  Eyck 
(1904)  and  Weaver  (1920)  described  the  root  system  of  brome- 
grass. This  early  work  has  led  to  the  study  of  various  factors 
which  affect  the  root  systems  of  plants. 

Biswell  and  Weaver  (1933)  stated  that  experiments  indi- 
cated that  for  several  weeks  at  least  (in  the  spring)  all,  or 
nearly  all,  of  the  accumulated  storage  material  was  used  by 
the  growing  shoots  and  only  after  those  were  fairly  well  estab- 
lished were  new  roots  developed.  They  stated  that  if  the  tops 
were  removed  at  that  point,  the  process  was  repeated  and  the 
development  of  the  root  system  greatly  retarded.  Weaver  and 
Harmon  (1935)  stated  that  root  samples  from  pastures  in  various 
stages  of  degeneration  show  consistent  decreases  in  the  amount 
of  underground  plant  materials,  apparent  often  after  only  two 
years  of  overgrazing. 

Concerning  the  life  of  roots,  Stoddard  (1935)  stated  that 
tests  indicate  that  both  seminal  and  nodal  roots  of  prairie 
grasses,  even  under  adverse  conditions,  may  live  in  excess  of 


two  years.  Stuckey  (1941)  reported  that  active  production  of 
new  root  growth  begins  in  October,  continuing  slowly  through 
the  winter  and  reaching  a  maximum  in  April.  She  noted  that 
after  the  middle  of  June  few,  if  any,  roots  were  formed  be- 
cause of  high  soil  temperatures. 

Stevenson  and  White  (1941),  investigating  the  root  produc- 
tion of  bromegrass,  found  that  87.75  percent  of  the  total  roots 
were  produced  in  the  first  foot  of  soil,  seven  percent  in  the 
second  foot,  and  a  decreasing  proportion  as  depth  increased  to 
five  feet.  They  reported  that  about  50  percent  of  the  total 
roots  of  the  top  foot  are  contained  within  the  top  three  inches, 
about  25  percent  in  the  three  to  six  inch  depth,  15  percent  in 
the  six  to  nine  inch  depth,  and  10  percent  in  the  nine  to 
twelve  inch  depth.  They  stated  that  bromegrass  continues  to 
build  \ip  root  fiber  year  after  year  at  a  fairly  rapid  rate.  A 
ten-year-old  field  had  produced  8803  pounds  of  root  fiber  per 
acre  foot.  The  total  increase  in  weight  with  aging  of  stand 
took  place  uniformly  throughout  the  top  foot  of  soil. 

Y/eaver  and  Zink  (1946)  reported  that  the  maximum  amount 
of  root  material  was  formed  by  blue  grama  and  little  blueatem 
after  two  growing  seasons  and  after  three  by  big  bluestem. 
Big  bluestem  produced  5.5  tons  of  roots  per  acre  after  three 
years  of  growth. 

Cook  (1943)  observed  that  the  weight  of  roots  is  not  con- 
sidered so  reliable  a  measure  of  the  efficiency  of  the  root 
system  as  linear  measurements,  because  it  ignores  the  extent 
and  diameter  or  functioning  surface  of  the  individual  roots. 


He  found,  however,  that  the  weight  of  roots  was  closely  pro- 
portional to  the  total  axial  length  of  roots. 

Pavlychenko  (1942)  reported  that  the  number  of  roots  per 
plant  of  bromegrass  in  sod  was  extrenely  low  compared  with  the 
number  of  roots  produced  by  widely  spaced  specimens.  The 
depth  of  roots  of  plants  grown  in  sod  was  much  less  tlian  that 
of  spaced  ones. 

Nedrow  (1937)  reported  that  a  low  water  content  of  the 
soil  greatly  increased  production  of  roots  in  proportion  to 
the  development  of  the  shoots.  The  actual  amount  of  roots 
produced,  however,  decreased  with  lov.-er  water  content  of  the 
soil. 

Laird  (1930)  reported  that  amplication  of  HH4PO4  increased 
the  dry  weights  and  development  of  the  root  systems  of  the 
different  grasses  under  consideration. 

Graber  (1931)  found  that  heavy  nitrogenous  fertilization 

of  bluegrass  made  possible  the  stimulation  of  top  growth  at 

the  expense  of  root  growth.  He  noted  that  the  limitation  of 

root  growth  resulting  from  low  reserves  may  increase  the 

plants  susceptibility  to  drouth.  He  concluded  that: 

9  judicious  fertilization  may  for  a  time 
stimulate  the  utilization  of  the  carbohydrate  re- 
serves, it  is  not  amiss  to  appreciate  that  such 
stimulation  may  also  accelerate  their  accumulation 
when  the  plant  is  given  an  opportunity  for  such 
storage. 

Turner  (1922)  made  the  following  explanation: 

The  increased  ratio  of  stems  to  roots  which 
results  from  increasing  the  amount  of  nitrates  in  the 
soil  solution  may  be  explained  on  the  basis  of  in- 
creased use  of  carbohydrates  in  the  tops  because  the 


greater  nitrogen  supply  makes  for  greater  growth. 
This  results  in  a  decrease  in  the  supply  of  carbo- 
hydrates for  the  rool       may  bring  about  an 
absolute  or  a  relative  reduction  of  root  growth. 

Sprague  (1932)  reported  that  there  is  some  evidence  that 

the  provision  of  nitrogen  in  a  readily  available  form  tends  to 

restrict  root  growth  as  compared  with  application  of  nitrogen 

in  a  slowly  available  form.  He  found  no  obvious  correlation 

between  the  supply  of  available  phosphorus  and  root  growth. 

Prom  his  data  he  concluded  that: 

Since  relatively  high  ratios  of  soluble  nitro- 
gen to  carbohydrate  reserves  have  been  shown  to 
favor  top  growth  rather  than  root  development,  it 
seems  possible  that  early  spring  application  of 
available  nitrogen  fertilizer  in  abundance  may  re- 
duce the  quantity  of  new  roots  formed  and  thus  limit 
utilization  of  the  soil  resources  for  the  remainder 
of  the  season. 

Turner  (1926)  stated  that  there  was  no  inhibiting  effect 
of  HOg  upon  the  roots,  but  as  the  tops  are  stimulated  to  use 
more  of  the  photosynthetic  carbohydrates,  the  roots  decrease 
in  number  and,  therefore,  show  relatively  less  growth. 

Weaver  et  al.  (1922)  noted  that  in  every  case  where  roots 
came  in  contact  with  a  fertilized  layer  of  soil  they  not  only 
developed  much  more  abundantly  and  branched  more  profusely, 
but  such  a  layer  apparently  retarded  normal  penetration  into 
the  soil  below. 

Haynes  (1943)  reported  that  an  increase  of  roots  near 
the  surface  and  a  decrease  of  roots  below  two  inches  was 
associated  with  surface  applications  of  nitrogen.  He  called 
attention  to  the  importance,  in  erosion  control,  of  this  in- 
crease in  root  concentration  at  the  surface. 


Willard  (1932)  found  that  heavy  fertilization  with  nitro- 
gen greatly  decreased  the  relative  amount  of  underground  parts. 
The  actual  acount  of  roots  in  the  fertilized  area  was  notably 
less  than  in  the  unfertilized  area  for  a  period  after  the 
fertilizer  was  applied,  hut  toward  the  end  of  the  season  the 
amount  of  roots  was  very  nearly  equal  in  the  two  areas.  He 
noted  an  increase  in  nitrogen  content  of  roots  as  a  result  of 
heavy  nitrogen  applications.  The  underground  parts  contained 
a  higher  percent  of  nitrogen  than  the  tops. 

Very  little  work  has  been  reported  regarding  the  response 
of  bromegrass  seedlings  to  fertilization.  Fuelleman  et  al. 
(1943)  reported  that  seedings  made  on  soil  low  in  nitrogen 
have  frequently  failed  in  Illinois. 

There  has  been  considerable  discussion  and  controversy 
regarding  the  cause  of  the  so-called  "sod-bound"  condition  in 
bromegrass.  Benedict  (1941)  grew  plants  in  sand  watered  with 
nutrient  solutions  and  found  that  when  dried  bromegrass  roots 
were  added  to  the  sand,  the  yield  of  bromegrass  was  materially 
decreased.  indicated  that  "sod -binding"  of  brome- 

grass might  at  least  in  part  result  from  an  accumulation  of 
growth  inhibiting  substance  in  the  soil. 

Myers  and  Anderson  (1942)  concluded  that  excessive  carbon 
in  relation  to  nitrogen  brought  about  by  the  continual  growth 
of  bromegrass  probably  caused  the  so-called  "sod-bound"  soil 
in  the  fields  under  consideration.  They  suggest  deficiencies 
in  soil  fertility  as  possible  causal  factors  responsible  for 
the  "sod-bound"  condition. 


Soil  nitrification  after  bromegrass  was  studied  by  Ilewton 
(1939)  using  growing  crops  as  indicators  of  nitrification 
rates.  Bromegrass  was  distinctly  poorer  than  timothy  or 
western  rye  grass  in  its  after-effects  on  wheat.  He  stated: 
"This  raises  the  question  as  to  whether  such  creeping-rooted 
grasses  that  form  a  closely  knit  sod  may  depress  nitrification 
by  preventing  adequate  aeration  of  the  soil."  In  one-year-old 
sod,  the  nitrogen  absorption  to  plow  depth  was  greatest  in 
bromegrass,  but  in  the  three  and  five  year  old  sods  bromegrass 
was  lowest. 

MATERIALS  AND  METHODS 

Soot  Study  in  the  Field 

A  series  of  fertilizer  plots  was  established  in  the  fall 
of  1944  on  the  farm  of  W.  S.  Morgan,  at  Zeandale,  Kansas, 
eight  miles  east  of  Manhattan.  The  bromegrass  was  of  Achenbach 
origin  and  was  seeded  in  September,  1939.  The  soil  was  a 
highly  fertile  silty  clay  loam  located  in  the  Kansas  River 
valley.  The  area  was  cractically  level  and  very  uniform  in 
appearance. 

The  first  fertilizer  aprlication  was  made  September  30, 
1944,  using  five  rates  of  nitrogen,  plus  checks,  and  one  rate 
of  phosphorus.  Nitrogen  rates,  as  pounds  of  nitrogen  per 
acre,  were:  200,  140,  100,  60,  20,  0.  Phosphorus  was  applied 
at  the  rate  of  00  pounds  of  PgOg  per  acre.  Each  rate  of 
nitrogen  appeared  twice  with  phosphorus  and  twice  without 
phosphorus.  The  replications  were  placed  in  two  adjoining 


series  with  the  plots  in  each  arranged  according  to  decreasing 
amounts  of  nitrogen  (Fig.  1). 


Pounds  of  nitrogen  per  acre 
200  140  0  100  60   0  20  200  0  140  100  0  60  20 


No  Phosphorus 
80  lbs.  P2O5/A, 


^ 


Fig.  1.  Diagram  showing  the  arrangement  of  each  series  of 

bromegrass  fertilizer  plots  at  the  W.  S.  Morgan  farm. 

The  same  arrangement  was  followed  on  all  dates  of  appli- 
cation except  for  two  applications  made  in  the  spring  of  1946, 
in  which  no  phosphorus  was  applied.  In  addition  to  the  first 
series  starting  September  30,  1944  (Ml),  applications  were 
made  at  the  following  dates:  March  26,  1945  (;!2),  September 
24,  1945  (M3),  February  16,  1946  (M5) ,  and  April  24,  1946  (M7). 
Also,  one  replication  of  series  til   was  refertilized  at 
identical  rates  September  24,  1945,  and  one  replication  of 
series  1.52  was  refertilized  at  identical  rates  February  16, 
1946.  The  series  number  appearing  after  the  dates  above  will 
be  used  in  following  discussions. 

The  nitrogen  was  applied  in  the  form  of  ammonium  nitrate 
(33$  nitrogen).  The  rates  of  application  were  based  on  pounds 
of  elemental  nitrogen  per  aore.  Phosphorus  was  applied  in 
the  form  of  treble  superphosphate  (45$  P2O5).  The  ammonium 
nitrate  was  applied  by  hand,  and  the  superphosphate  was  ap- 
plied with  a  small  garden  fertilizer  spreader. 

Yields  of  forage  and  seed  were  obtained  on  these  plots 
in  the  spring  of  1945.  They  were  grazed  during  the  fall  of 
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1945  and  no  yields  were  obtained.  Those  plots  receiving  heavy 
rates  of  nitrogen  were  grazed  most  heavily.  The  vegetation 
on  these  plots  appeared  to  be  more  palatable,  since  the  cows 
grazed  on  these  areas  in  preference  to  unfertilized  plots. 

On  January  5-8,  1946,  root  samples  were  obtained  from  the 
three  series  fertilized  September  30,  1944  (Ml),  March  26, 
1945  (H2),  and  September  S4,  1945  (5?3).  The  root  samples 
were  taken  with  a  sod  cutter  which  removed  a  core  of  soil  and 
roots  three  inches  in  diameter  and  five  Inches  in  depth.  Five 
such  samples  were  taken  from  each  plot.  Each  sample  was  taken 
from  an  area  which  appeared  to  be  representative  of  the  plot 
concerned,  and  the  sod  cutter  was  placed  directly  over  a 
bromegrass  plant.  Urine  spots  (Cainey,  Sewell,  and  ?iyers, 
1937),  bare  areas,  etc.  were  avoided. 

On  May  11,  1946,  samples  were  taken  from  the  series  which 
had  received  two  fall  applications  and  from  the  one  receiving 
two  spring  applications  of  fertilizer.  The  remainder  of  the 
series  were  sampled  on  June  20,  1946. 

The  soil  was  removed  from  the  roots  by  washing  with  a 
fine  spray  of  water  over  a  wire  screen  having  15  meshes  per 
inch.  It  was  often  necessary  to  soak  the  cores  of  soil 
thoroughly  to  facilitate  washing,  and  It  was  generally  neces- 
sary to  knead  the  soil  with  the  hands.  Water  was  sprayed  over 
the  roots  until  no  evidence  of  soil  remained.  Some  very  fine 
roots  probably  escaped  through  the  screen,  but  losses  were 
very  low.  The  roots  tended  to  form  a  mat  on  the  screen  which 
helped  to  hold  those  broken  loose  by  the  washing. 
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These  roots  were  then  dried  at  98°  C.  for  36  hours  and 
the  net  weight  recorded  to  the  nearest  one  hundredth  of  a 
gram*  These  figures  were  tlian  converted  to  pounds  of  dry 
natter  per  acre  In  the  top  five  Inches  of  soil.  The  roots 
sampled  during  the  winter  were  ground  and  analyzed  for 
nitrogen. 

Roots  were  also  sawpled  from  field  seedling  fertility 
plots,  to  be  described  later,  and  also  from  greenhouse  tests. 

Yields  of  forage  were  obtained  during  Kay  and  June  on  the 
spring  fertilized  plots* 


Response  of  Seedlings  to 
Nitrogen  and  "hoaphorus  in  the  Greenhouse 


In  order  to  study  the  response  of  broraegrass  seedlings 
to  fertilizer  treatment  in  the  greenhouse,  soil  was  obtained 
from  five  different  sources  and  brought  into  the  greenhouse 
in  the  fall  of  1946. 

Two  lots  of  Labette  gravely  silt  loam  soil  were  obtained 
from  the  E.  C.  McMillan  fam  in  Neosho  Coxinty,  18  miles  south- 
east of  Chanute,  Kansas,  on  October  30,  1945.  One  lot  was 
taken  from  a  "sod-bound"  broraegrass  field  which  had  been 
seeded  in  1937,  and  the  second  lot  was  talten  from  an  adjacent 
cultivated  field  which  had  been  in  oats  and  lespedeza  the 
past  season.  In  obtaining  the  soil,  the  surface  litter  was 
removed  and  the  upter  six  inohes  of  soil  taVen  for  the  experi- 
ment. Eaoh  lot  of  soil  was  collected  from  several  separate 
locations  in  the  fields. 
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In  November,  1945,  three  lots  of  soil  were  obtained  from 
the  college  farm.  The  aoll  was  Geary  silty  clay  loam.  One 
lot  was  obtained  from  a  "sod-bound"  bromegrass  field,  seeded 
in  September,  1939,  another  from  an  adjacent  cultivated  field, 
and  a  third  from  a  fence  row  between  the  two  fields  where  an 
old  stand  of  bromegrass  was  growing  vigorously  with  no  appar- 
ent signs  of  "sod-binding''.  The  soil  was  obtained  in  the  same 
manner  as  that  taken  in  lleosho  County. 

The  roots  of  the  bromegrass  sods  were  removed,  run 
through  a  hammer  mill  and  returned  to  the  soil  from  which 
they  were  removed.  The  soil  was  then  put  in  glazed  pots, 
seven  inches  in  diameter  at  the  top,  and  approximately  nine 
and  one-half  inches  deep. 

Six  fertilizer  combinations  with  three  replications  of 
each  were  applied  to  each  of  the  five  soils,  making  a  total 
of  ninety  pots.  Nitrogen  was  applied  at  rates  of  0,  50,  and 
100  pounds  per  acre.  Superphosphate  was  applied  at  the  rate 
of  80  pounds  PgOg  per  acre.  Each  nitrogen  rate  appeared  with 
and  without  phosphorus.  The  fertilizer  was  thoroughly  mixed 
with  the  entire  soil  mass  of  each  pot  concerned,  "he  source 
of  nitrogen  was  ammonium  nitrate  (33$  nitrogen),  and  of  phos- 
phorus, superphosphate  (20$«  Fg05) . 

Bromegrass  of  the  Achenbach  strain  was  planted  in  these 
pots  December  1,  1945.  The  plants  were  thinned  to  insure 
eight  separate  and  uniformly  spaced  plants  in  each  pot.  The 
three  replications  were  placed  in  three  separate  blocks  on  a 
greenhouse  bench.  Pots  were  randomized  within  replications, 


14 


and  the  arrangement  was  changed  every  ten  days. 

The  top  growth  was  clipped  February  2,  1946,  and  the 
roots  were  obtained  from  one  replication.  The  second  clipping 
was  made  "arch  6  and  roots  were  taken  from  the  second  repli- 
cation. Clippings  v/ere  made  on  the  third  replication  on 
April  24  and  June  1,  the  roots  being  taken  and  the  experiment 
terminated  on  this  date. 

The  material  in  all  cases  was  dried  at  98°  C.  for  24 
hours,  weighed  to  the  nearest  one  hundredth  of  a  gram,  and 
ground  for  nitrogen  determination. 


Response  of  Seedlings  to 
Nitrogen  and  Phosphorus  in  the  Field 


Plots  were  seeded  and  fertilized  at  the  Agronomy  Farm 
March  22  and  March  26,  1946.  Two  fields  were  selected  for 
the  study.  One  had  produced  cereals  for  several  seasons  and 
had  not  been  in  sod  for  many  years.  The  second  had  been  part 
of  the  bromegrass  breeding  nursery  until  the  sod  had  been 
broken  the  previous  summer.  It  had  then  lain  uncropped  until 
the  start  of  this  study. 

The  rates  of  nitrogen  used  in  the  study  were  0,  20,  60, 
and  100  pounds  per  aore.  The  P2O5  rates  were  0,  40,  80, 
pounds  per  aore.  The  rates  of  nitrogen  and  phosphorus  were 
applied  in  all  combinations,  making  12  different  treatments. 
Three  replications  of  each  treatment  were  made  in  each  field. 
Each  of  the  three  replications  was  kept  in  a  block  and  the 
treatments  were  randomized  within  replications.  Flots  in  the 
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first  field  were  one  rod  square  and  those  in  the  second  were 
14  feet  by  one  rod. 

In  the  first  field  the  area  was  harrowed  and  packed,  the 
fertilizer  applied  by  hand  as  a  top  dressing,  then  the  seed 
broadcast  over  the  entire  area  of  the  plot.  The  area  was 
packed  a  second  time  to  cover  the  seed. 

The  second  field  was  harrowed,  packed,  the  seed  broadcast, 
then  harrowed  to  cover  the  seed,  and  packed.  The  fertilizer 
was  then  applied  by  hand  as  a  top  dressing. 

Both  fields  were  mowed  uniformly  the  last  of  ','ay  to  con- 
trol weeds.  All  plots  in  the  second  field  were  clipped  for 
yields  July  1,  with  a  mower,  cutting  a  strip  three  feet  by  12 
feet.  Two  such  samples  were  taken  from  each  plot.  The  weeds 
were  separated  from  the  bromegrass  and  weighed  separately. 
Samples  of  each  were  taken  for  moisture  determination  and 
calculation  of  dry  weight. 

Density  counts  were  made  in  plots  of  each  field  to  deter- 
mine the  effect  of  the  fertilizer  on  the  density  of  the 
vegetation.  A  heavy  wire,  one-eighth  inch  in  diameter  and 
ten  feet  long,  was  equipred  with  loops  on  each  end  by  means 
of  which  it  could  be  stretched  along  the  ground  and  held  in 
place  by  pegs.  Counts  were  made  of  the  number  of  grass  culms 
and  weeds  touching  the  wire  at  the  ground  level.  Four  such 
readings  were  made  on  each  plot,  or  a  total  of  twelve  In 
each  field  for  each  treatment. 

Two  root  samples  were  taken  from  each  plot  in  the  second 
field  with  the  same  implement  and  in  the  same  manner  as 
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described  earlier.  This  gave  a  total  of  six  samples  from  each 
of  the  twelve  treatments. 

CLIMATOLOfJICAI,  DATA 

The  fall  of  1945  and  the  first  six  months  of  1946  were 
the  driest  on  record  at  this  station  in  many  years.  Table  1 
gives  the  daily  precipitation  at  Vanhattsn  for  1945  and 
January  to  July  of  1946.  Only  8.96  inches  of  rain  fell  during 
the  period  August  1  to  December  31,  1945,  compared  to  a  normal 
of  11.77  inches  (Cardwell  and  Flora,  1942).  During  the  period 
January  1  to  July  31,  1946,  only  10.49  inches  of  rain  fell 
compared  to  a  normal  of  19.10  inches. 

The  low  rainfall  was  accompanied  by  a  very  early  spring 
in  which  growth  of  crops  started  two  or  three  weeks  ahead  of 
normal.  This  used  up  all  available  moisture  early  in  the 
season,  and  the  effects  of  the  drouth  were  apparent  early. 

The  effect  of  this  drouthy  condition  on  the  plots  receiv- 
ing heavy  applications  of  nitrogen  was  very  marked.  Sates  of 
nitrogen  of  100  pounds  per  acre  or  more  had  caused  severe 
burning  in  some  plots  as  early  as  May  1,  At  that  date  the 
plots  receiving  late  spring  applications  were  not  so  badly 
burned  as  those  fertilized  in  the  fall  or  very  early  spring. 

On  June  7  nearly  all  plots  showed  signs  of  drouth  damage. 
On  some  of  the  plots  receiving  high  rates  of  nitrogen  the 
plants  had  turned  brown  and  dry. 

In  addition  to  the  effect  of  the  drouth,  the  pasture  in 
which  these  plots  were  located  had  been  grazed  by  dairy  cows 
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until  April  1.  Flots  receiving  high  ratea  of  nitrogen  were 
kept  closely  grazed.  These  heavily  grazed  plot  a  were  first 
to  show  signs  of  drouth  damage. 

On  June  13,  1946,  notes  were  taken  as  to  the  estimated 
percent  of  top  growth  killed.  These  results  are  shown  in 
Table  2.  Very  little  burning  was  noted  in  the  117  series,  the 
plots  appearing  green  and  making  dense  growth.  Only  two  plots 
on  the  end  of  this  series  showed  drouth  damage.  These  plots 
were  slightly  higher  than  the  average  of  the  series  which 
probably  permitted  the  rainfall  to  drain  off  these  plots. 

Table  2.  Estimated  percent  of  top  growth  killed  by 
drouth  following  varying  rates  of  nitro- 
genous fertilizer.  Notes  taken  June  13. 


ounds  of  nitrogen  per  acre 


200   146   100    S6  ~^0~ 


0 


M3  Series        73    48    76    59    31    54 
M5  Series        10    10    75    75    15    18 

EXPERIMENTAL  RESULTS 

Root  Study  in  the  Field 

Surface  applications  of  readily  available  nitrogen  to 
established  stands  of  bromegrass  have  produced  significant 
Increases  in  root  yields.  The  complete  data  are  given  in 
Table  3.  Analysis  of  variance  3howed  a  highly  significant 
difference  between  means  of  nitrogen  ratea,  dates  of  nitrogen 
application,  and  interaction  between  rate  and  date  of 
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Table  3. 

Yield  (lbs 

.  mer 

A.)  of 

oven 

dry  root  mat 

erial 

fol- 

. 

lowing  varying  rates  of  application  of  nitrogen  and 

phosphorus 

fertilizers 

on  established  stands  of 

bromegrass 

• 

Series 

Lbs. 
F205 

1  Will  1 

8  of  nitroReri  per 

■.era 

200 

140 

1TSE 

0 

20 

0 

Av. 

Ml 

0 

5180 

3590 

5020 

4350 

3730 

6S50 

Sampled 

5160 

3880 

4920 

3710 

3070 

6010 

1-8-46 

4560 

3300 

4920 

4940 

•l-OGO 

4190 

Fertilized 

3620 

3850 

5230 

7720 

4990 

2610 

once 

5030 

3370 

4940 

4560 

3730 

5350 

Av. 

4870 

3600 

5010 

5060 

3920 

5000 

4570 

00 

3070 

5570 

4920 

3680 

3310 

0010 

4440 

2990 

6590 

5180 

5070 

5470 

5490 

5330 

5490 

4850 

5470 

7230 

3880 

4250 

3880 

4540 

4510 

4280 

3810 

3680 

6390 

4920 

3110 

6770 

Av. 

4140 

3960 

5450 

4630 

4290 

G070 

4760 

. 

Series  Av. 

4500 

3780 

5230 

4850 

4110 

5540 

4670 

■a 

0 

4320 

3400 

5660 

4870 

4520 

2760 

m 

Sampled 

3640 

3900 

6770 

4090 

5830 

2680 

1-7-46 

6040 

5780 

4280 

5060 

4350 

4110 

7220 

5630 

5730 

7540 

4060 

3190 

6350 

5110 

3280 

5020 

4780 

4800 

Av. 

5490 

4760 

5140 

5320 

4710 

3510 

4820 

80 

3250 

4090 

2990 

3620 

3950 

4820 

4970 

5110 

6440 

4560 

3710 

4140 

3500 

6090 

5020 

5830 

4210 

2990 

5580 

6990 

5680 

4540 

3070 

4380 

3160 

4850 

4350 

4320 

4180 

1850 

Av. 

4090 

5430 

4900 

4570 

3820 

3640 

4410 

Seriei 

3  Av. 

4790 

5100 

5020 

4950 

4270 

3570 

4620 

MS 

0 

4320 

3870 

3830 

3400 

4040 

3850 

Sampled 

3350 

4380 

2930 

5160 

3310 

4110 

1-5-46 

2430 

3690 

4640 

3490 

3810 

5390 

5140 

5040 

3610 

5070 

3260 

2280 

4100 

2760 

3420 

3400 

5400 

2520 

- 

Av. 

3880 

3950 

3690 

4100 

3960 

3630 

3870 

• 

Table  3  (cont. 

) 

Series 

P2O5 

Pound 

B  Of  1 

Vc,vc~i- 

acre 

200 

i4o 

100 

60 

20 

0 

Av. 

80 

4060 

5510 

4870 

3880 

4440 

3500 

3590 

4300 

4750 

4800 

4510 

3450 

3520 

3540 

4090 

3500 

3690 

2570 

3070 

3230 

4070 

3280 

3190 

4610 

4630 

4470 

3970 

3750 

2690 

Av. 

3770 

4240 

4450 

3890 

4080 

3080 

3920 

Series  Av. 

3830 

4100 

4070 

4000 

4020 

3360 

3890 

HI 

0 

5420 

6870 

5040 

3710 

4040 

3830 

Sampled 

5160 

4250 

5450 

4230 

4040 

2950 

5-11-46 

4970 

6820 

5830 

3450 

4040 

3120 

Fertilized 

6060 

6890 

6700 

6300 

4610 

2900 

twice 

4730 

4070 

5800 

5400 

4730 

3710 

Av. 

5270 

5580 

5760 

4620 

4290 

3300 

4800 

00 

3000 

5800 

5800 

5010 

3310 

2870 

5060 

5230 

6020 

2590 

3540 

2900 

6160 

4830 

3690 

4730 

3730 

2970 

5890 

4440 

4190 

3880 

4710 

4160 

. 

5260 

5660 

5920 

5680 

3260 

4470 

Av. 

5070 

5200 

5120 

4380 

3710 

3470 

4490 

Series  Av. 

5170 

5390 

5440 

4500 

4000 

3390 

4650 

Me 

0 

6210 

5560 

4300 

5230 

4070 

2830 

Sampled 

3680 

6630 

5320 

4090 

4500 

4260 

5-11-46 

4940 

2920 

4990 

3810 

4110 

4780 

Fertilized 

5880 

5400 

3880 

3970 

4450 

2830 

twice 

3870 

4730 

5400 

6730 

4950 

5800 

Av. 

4480 

5060 

4780 

4770 

4420 

4100 

4600 

80 

3420 

5010 

5040 

3850 

4000 

3800 

4900 

4920 

4990 

4300 

3470 

4440 

4640 

3310 

5920 

6320 

4230 

5210 

4280 

4850 

3990 

5470 

5700 

2810 

3830 

6350 

5960 

4850 

3500 

6270 

Av. 

4210 

4890 

5180 

4960 

4180 

4510 

4650 

Series  Av. 

4350 

4970 

4980 

4860 

4300 

4300 

4630 

Table  3  (eoncl.) 
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TBST 

P2O5 

Pouni 

■  or  n 

itrof" 

acre 

Series 

200 

140 

100 

60 

20 

0 

Av. 

MS 

0 

3440 

8660 

3950 

2730 

3380 

4640 

Sampled 

3760 

5490 

4260 

4900 

3970 

3300 

6-S0-46 

3610 

2950 

4630 

3950 

4870 

3040 

4210 

3310 

3210 

4400 

2640 

«090 

3540 

2610 

3210 

4070 

2380 

3920 

Av. 

i 

3710 

3640 

3850 

4010 

3450 

3800 

3740 

M5 

0 

3970 

3950 

2920 

4760 

3570 

3230 

Sampled 

4070 

5200 

3260 

4350 

3620 

2760 

6-20-46 

4610 

2160 

3710 

4260 

3760 

2800 

3140 

4440 

3590 

4970 

3210 

3000 

3020 

3570 

3810 

3540 

3310 

2420 

Av. 

1 

3720 

3880 

3460 

4380 

3490 

2840 

3640 

M7 

0 

2000 

3620 

4180 

3400 

4000 

3450 

Sampled 

2570 

2090 

1850 

5490 

4190 

3590 

6-20-46 

3350 

3210 

3640 

3040 

3500 

2070 

2930 

1660 

3300 

3660 

3760 

5560 

5070 

3190 

3180 

3610 

5890 

3300 

Av. 

> 

3180 

2750 

3230 

3840 

4270 

3590 

3480 

Grand  Av. 


4300  4380  4620  4500  4050  3880 


application,  as  shown  in  Table  4  below.  This  analysis  in- 
cludes those  series  from  which  sanples  were  taken  at  each  rate 
of  nitrogen  with  and  without  phosphorus.  It  does  not  include 
those  series  fertilized  September  24,  1945  ("3),  February  16, 
1946  (M5) ,  or  April  24,  1946  (H7)  in  which  the  phosphorus 
plots  were  not  sampled  in  the  spring  of  1946. 

For  convenience  in  the  following  discussion,  the  complete 
group  of  plots  fertilized  at  one  date  will  be  termed  a  series, 
and  the  series  numbers  given  earlier  will  be  used. 

In  the  above  analysis,  considering  the  mtna  of  nitrogen 
rates  with  a  least  significant  difference  of  382,  <he  60-,  100-, 
140- ,  and  200-pound  nitrogen  rates  were  significantly  higher 
than  the  20-pound  rate  which,  in  turn,  was  significantly 
higher  than  the  check.  The  differences  between  the  60-,  100- , 
140- ,  and  200-pound  rates  were  not  significant. 

Consider'nfr  the  series  means  with  a  least  significant 
difference  of  348,  the  fall  sampled  series  (M3)  was  signifi- 
cantly lower  in  yield  of  roots  than  the  other  four  series. 
The  differences  between  the  top  four  series  were  not  signifi- 
cant. 

The  fall  sampled  series  (M3)  was  significantly  lower  than 
the  other  series  within  the  nitrogen  rates  of  200,  100,  and  60 
pounds  per  acre.  At  the  140-pound  rate  this  series,  together 
with  the  fall  sampled  series  (Ml)  (fertilized  once),  was 
significantly  lower  in  yield  of  roots  than  the  other  three 
series.  The  effect  of  the  20-pound  rate  of  nitrogen  was  the 
same  in  all  series. 


Table  4.  Analysis  of  variance  of  the  effect  of  nitrogen  and 
phosphorus  fertilizer  on  yield  of  roots  of  brome- 
grass  in  established  stands. 


£- 


Sources  of  variation 

or 

— i 

58 

V 

Total 

299 

3 

,363 

Between  N  levels 

5 

298,207 

59,641** 

Between  t   treatment 

1 

5,747 

5,747 

Interaction  N  x  P 

B 

61,480 

12,296 

Between  dates  of  application 

4 

268,052 

67,013** 

Interaction  "I  x  D 

20 

546,236 

27,312--* 

Interaction  P  x  D 

4 

40,464 

10,116 

Interaction  N  x  P  x  D 

Error 

20) 

) 

240) 

2 

,368,177 

9,198 

**  Indicates  significance  at  one  percent  level. 
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The  application  of  phosphorus  did  not  affect  the  yield 
of  roots.  Analysis  of  300  samples  showed  no  significant  dif- 
ferences in  root  yield  as  a  result  of  applications  of  80 
pounds  of  P2O5  per  aore. 

Those  series  not  included  in  the  above  analysis  were 
analyzed  with  all  plots  receiving  nitrogen  alone.  The  results 
of  this  analysis  were  practically  the  same  as  those  reported 
above.  There  was,  however,  no  significant  difference  between 
the  20-pound  nitrogen  rate  and  the  check.  Series  M3,  555,  and 
M7  included  in  this  analysis  were  significantly  lower  in 
yield  of  roots  than  the  Ml  or  M2  series. 

At  the  140-pound  rate  the  fall  sampled  Ml  (fertilized 
once)  and  M5  were  significantly  lower  than  the  spring  sampled 
Ml  (fertilized  twice).  Series  M7  was  lowest  in  all  nitrogen 
rates  except  the  20-pound  rate.  It  should  be  noted  that  In 
this  series  (M7) ,  which  was  fertilized  April  14  and  sampled 
June  20,  the  200- ,  140- ,  and  100-pound  rates  of  nitrogen  pro- 
duced smaller  yields  of  roots  than  the  check.  Only  the  140- 
pound  rate  was  significantly  lower,  however.  These  plots 
made  a  very  dense  top  growth  and  the  roots  were  sampled  when 
the  tops  had  reached  maximum  development,  67  days  after 
fertilization. 

Considering  all  of  the  data,  all  rates  of  nitrogen  gave 
increased  yields  of  roots  over  checks.  The  greatest  root 
development  was  produced  at  the  100-pound  rate  of  nitrogen  as 
is  shown  In  Plate  I,  Figure  2.  Application  of  nitrogen  above 
100  pounds  per  acre  caused  a  smaller  increase  in  root  growth. 
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The  number  of  days  of  growth  between  fertilization  and 
sampling  was  determined  for  each  series,  and  the  correlation 
between  this  factor  and  the  yield  of  roots  was  calculated. 
This  correlation  coefficient,  +.896  with  seven  degrees  of 
freedom,  was  highly  significant  (Snedecor,  1S40).  These  data 
are  given  in  Table  5. 

The  mean  yield  of  roots  in  the  spring  was  correlated 
with  the  mean  forage  yield  for  each  rate  of  nitrogen  on 
sereis  M2,  M5,  and  M7.  Series  M7  gave  a  correlation  coeffi- 
cient of  -.827  which,  with  five  degrees  of  freedom,  is 
significant.  Series  M2  and  M5  gave  small  positive  correla- 
tions which  did  not  approach  significance.  These  results  are 
given  in  Table  6. 

There  were  numerous  urine  spots  (Gainey,  Sewell  and 
Myers,  1937)  throughout  the  area  of  the  experiment  which  pro- 
duced heavier  top  growth  than  was  produced  on  plots  receiving 
200  pounds  of  nitrogen  per  acre.  Ten  root  samples  were  taken 
from  these  spots  in  the  spring  of  1946.  The  average  root 
production  of  these  ten  samples  was  3960  (±903)  pounds  per 
acre.  The  average  of  all  spring  sampled  20-pound  nitrogen 
rates  was  3970  pounds  per  acre. 

Applications  of  nitrogen  increased  the  protein  content 
of  the  fall  sampled  roots  as  shown  in  Table  7.  Analysis  of 
variance  showed  a  highly  significant  difference  between 
nitrogen  treatments,  between  series,  and  for  interaction  of 
nitrogen  and  series.  Twenty  pounds  of  nitrogen  produced  a 
significantly  lower  percentage  of  protein  than  did  the  check. 
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Table  5.  Relation  of  the  number  of  growing  days  between  fer- 
tilization and  sampling,  and  the  yield  of  roots  of 
bromegras3  (r  =  +  .8957^"-). 


Series 

Number  of 
^rowinp;  days 

Yield  of  rcets 
(pounds  per  acre) 

Ml  (fertilized  twice) 

371 

4650 

M2  (fertilized  twice) 

301 

4630 

Ml  (fertilized  once) 

300 

4670 

M2  (fertilized  once) 

230 

4620 

M3 

161 

3740 

115 

110 

3640 

M7 

56 

3480 

MS 

51 

3890 

**  Indicates  significance  at  one  percent  level. 
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Table  6.  Average  yield  of  tops  and  corresponding  ylrt 

roots  (Lbs.  per  A.)  fror/i  established  bromegrass 
stands  with  varying  rates  and  dates  of  nitrogen 
application. 


Lbs. 

l\2 

r'g 

7 

K/A. 

tfot>8** 

Hoots 

Tops** 

toots 

'l'ops* 

H 

.<  i  ts 

200 

1982 

4480 

1998 

3720 

5449 

3180 

140 

2120 

5060 

15oB 

3880 

3140 

2750 

100 

879 

4780 

1097 

3460 

2212 

3230 

60 

494 

4770 

251 

4380 

1149 

3840 

20 

320 

4420 

307 

3490 

613 

4270 

0 

231 

4100 

191 

2480 

400 

3590 

r  »  + 

.231 

r  =  + 

.199 

r  = 

- 

.827« 

*  Indicate 3  significance  at  five  percent  level. 
■::•*  ClipDed  :ay  16,  194G. 
♦*»  Cliuped  June  20,  1946. 


EXPIAMTION  OF  PLATE  I 

Fig.  2.  The  effect  of  applications  of  varying  amounts  of 
readily  available  nitrogenous  fertilizer  on  root 
development  in  established  stands  of  bromegraog. 
Each  dot  represents  the  average  of  65  observations, 
including  all  dates  of  fertilization  and  sampling. 

Fig.  5.  The  effect  of  applications  of  readily  available 
nitrogenous  fertilizer  on  root  development  of 
bromegrass  seedlings  In  the  field.  Eaoh  dot  rep- 
resents the  average  of  18  observations.  (Planted 
and  fertilized  March  26,  sampled  July  1). 


.apphe    per 


Figure   3 


Table 

7.  Percent  prote 

iln  In  roots  from  es 

tablished 

brome- 

grass 

stand, 

sampled  In 

January, 

following  varying 

rates 

of  nitl 

'og«n,  with 

and  vfithout  phosphorus. 

Lbs. 

Lbs. 

P205 

N/A. 

Ml* 

"l---> 

K2 

MS 

Averaf;e 

80 

200 

8.06 

7.75 

7.38 

12.81 

9.00 

140 

6.81 

8.81 

7.31 

10.81 

8.44 

100 

6.63 

7.81 

7.25 

9.31 

7.75 

60 

6.31 

7.06 

6.94 

7.81 

7.03 

20 

V.31 

4.31 

7.12 

7.31 

6.51 

0 

7.81 

6.50 

7.00 

7.69 

7.25 

Av. 

7.16 

7.')-': 

7.17 

9.29 

7.66 

0 

200 

7.88 

8.38 

7.38 

10.88 

8.63 

140 

6.94 

8.63 

7.12 

10.00 

8.17 

100 

6.75 

7.25 

7.50 

9.56 

7.77 

60 

7.06 

7.19 

6.69 

7.94 

7.22 

20 

6.44 

7.18 

6.50 

7.38 

6.88 

0 

8.06 

7.94 

7.69 

7.75 

7.86 

Av. 

7.19 

7.76 

7.15 

8.92 

7.71 

*  Fertilized  once. 
*»  Fertilized  twice. 


Increasing  the  rate  of  nitrogen  above  20  pounds  gave  consis- 
tent, small  increases  in  protein  percentage.  Series  M3  gave 
significantly  higher  percentages  than  any  other  series,  giv- 
ing greater  response  to  the  higher  rates  of  nitrogen. 

Five  samples  of  roots  were  obtained  from  an  unfertilized 
broiaegrass  field  seeded  in  1929  north  of  Abilene,  Kansas. 
The  yield  of  roots  from  these  samples  was  6068  pounds  per  acre 
(±701)  in  the  top  five  inches  of  soil  compared  with  3650 
pounds  per  acre  for  unfertilized  plots  at  Zeandale,  Kansas, 
seeded  in  1939.  Although  it  is  realized  that  these  two  fields 
are  not  comparable,  it  appears  that  the  large  difference  in 
quantity  of  root  material  was  due  to  age  of  stand.  These  re- 
sults are  in  agreement  with  Stevenson  and  White  (1941)  who 
observed  that  bromegrass  continued  to  build  up  root  materials 
year  after  year  at  a  fairly  rapid  rate. 

Response  of  Seedlings  to 
Nitrogen  and  Phosphorus  in  the  Greenhouse 

Significant  increases  in  yield  of  both  tops  and  roots  of 
bromegrass  were  obtained  as  a  result  of  applications  of  phos- 
phorus with  the  seed  in  the  greenhouse,  nitrogen  had  little 
effect  alone,  but  in  combination  with  phosphorus  it  produced 
the  highest  yields  (Plates  II  and  III).  Table  8  gives  the 
yield  of  tops  of  the  three  replications  clipped  February  2, 
1946. 

Analysis  of  variance  shows  highly  significant  differences 
between  means  of  soils  and  treatments  and  for  interaction  of 
soils  and  treatments.  This  analysis  is  shown  in  Table  9. 


31 

Table  8. 

Yield  of  top  growth  of  bromegrass  seedlings 
ing  applications  of  nitrogen  and  phosphorus 
soils  In  the  greenhouse.  Clipred  February 
Yields  expressed  as  dry  weight  (grams)  per 

follow- 
on  five 

2,  1946. 

pot. 

rr  i«ti  lent 

Source  of  soil* 

I 

II 

III 

IV 

V 

Average 

50  lbs. 
nitrogen 

0.19 
1.08 
0.21 

0.49 
0.44 
0.66 

0.2G 
0.25 
0.28 

0,34 
0.34 
0.38 

1.16 
0.70 
0.97 

Av. 

0.49 

0.53 

0.26 

0.35 

0.94 

0.517 

100  lbs. 
nitrogen 

0.28 
0.23 
0.41 

0.50 
0.48 
0.65 

0.23 
0.28 

0.44 

0.64 
0.25 
0.37 

o.cs 

0.89 
1.08 

Av. 

0.31 

0.54 

0.32 

0.42 

0.95 

0.508 

50  lbs. 
nitrogen 
+  80  lbs. 

0.75 
0.55 
0.55 

1.51 
1.42 
1.54 

0.76 
0.71 
0.96 

1.16 
1.04 
1.22 

1.04 
0.95 

1.24 

p2°5 

Av. 

0.62 

1.49 

0.81 

1.14 

1.08 

1.027 

100  lbs. 

nitrogen 
+  80  lbs. 

Pe°5 

0.57 
0.47 
0.87 

1.20 
1.04 
1.27 

0.79 
0.75 
1.07 

1.36 
0.88 
1.45 

1.24 
1.17 
1.18 

Av. 

0.64 

1.17 

0.87 

1.23 

1.20 

1.021 

80  lbs. 
P2°5 

0.34 
0.55 
0.39 

1.25 
1.17 
1.13 

0.30 
0.31 
0.44 

0.71 
0.56 
0.77 

0.70 
0.76 
0.85 

Av. 

0.43 

1.18 

0.35 

0.68 

0.77 

0.682 

Check 

0.13 
0.16 
0.18 

0.64 
0.62 
0.56 

0.22 
0.24 
0.29 

0.58 
0.35 
0.56 

0.62 
0.55 
0.68 

Av. 

0.16 

0.61 

0.25 

0,43 

0.62 

0.412 

Granc 

Av. 

0.439 

0.921 

0.477 

0.709 

0.926 

0.694 

«■   I  "Sod-bound"  soil 

II  Cultivated  soil, 

III  "Sod-bound"  soil 

IV  Cultivated  soil, 

V  "Non- sod -bound" 

,  '.'eosho  County. 

"eosho  County. 
,  local. 

local, 
soil,  local. 
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Table  9.  Analysis  of  variance  of  yield  of  top  growth  of  brome- 
grass  in  greenhouse  pots  following  nitrogen  and  phos- 
phorus application  on  different  soils.  Cli 
February'2,  1946. 


Sources  of  variation 

DF 

SS 

V 

Total 

89 

12.506 

Between  soils 

4 

5.914 

0.9785** 

Between  treatments 

B 

5.446 

1.0892** 

Interaction  S  x   T 

20 

1.716 

0.8580** 

Between  blocks 

2 

0.201 

0.1005* 

Error 

58 

1.229 

0.0212 

*  Indicates  significance  at  five  percent  level. 
**  Indicates  significance  at  one  percent  level. 


The  cultivated  soil  from  Neosho  County  and  that  from  the 
"non-sod-bound"  sod  from  the  fence  row  at  the  Agronomy  Farm 
produced  significantly  greater  yields  of  tops  than  did  the 
other  soils.  The  yield  from  the  local  cultivated  soil  was 
significantly  greater  than  that  of  the  two  "sod-bound"  soils. 

The  highest  yields  were  produced  by  nitrogen  and  phos- 
phorus In  combination.  There  was  no  difference  between  the 
100-  and  50-pound  nitrogen  rates  with  phosphorus.  Phosphorus 
alone  was  significantly  higher  than  nitrogen  alone.  The  dif- 
ference between  50  pounds  of  nitrogen  alone  and  the  check  was 
barely  significant. 

The  "non-sod-bound"  soil  from  the  fence  row  gave  the 
greatest  response  to  nitrogen  alone,  and  the  cultivated  soil 
from  Neosho  County  gave  the  greatest  response  to  phosphorus 
alone.  The  combination  of  nitrogen  and  phosphorus  gave  the 
greatest  yield  in  the  two  cultivated  soils  and  In  the  "non- 
sod-bound"  soil  from  the  fence  row.  The  "sod-bound"  soils 
gave  the  lowest  yields  in  all  treatments. 

The  yields  of  the  second  clipping  of  tops,  made  March  6, 
1946,  are  given  In  Table  10.  The  response  of  the  different 
soils  was  the  same  as  at  the  first  clipping.  The  treatments 
also  gave  results  similar  to  the  first  clipping  except  that 
the  100-pound  rate  of  nitrogen  with  phosphorus  was  signifi- 
cantly higher  than  the  50-pound  rate  with  phosphorus. 

The  yields  of  the  last  two  clippings  of  the  third  repli- 
cation are  shown  in  Table  11.  The  analysis  of  variance  table 
is  given  in  Table  12. 
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Table  10. 

Yield 

.  of  top  growth 

of  bromegrass 

seedlingi 

3  follow- 

ing  applications  of 

nitrogen  and  phosphorui 

i   on  five 

soils 

in  the  greenhouse. 

Clipped 

"arch  6, 

1946. 

Yield 

s  expressed  as 

dry  we 

light  (grams)  per 

pot. 

Treatment 

Source 

of  soil* 

I 

II 

III 

IV 

V 

Avert  1 1 

50  lbs. 

0 

.65 

0.78 

0.38 

0.49 

1.30 

nitrogen 

.00 

0.67 

0.19 

0.38 

1.60 

Av. 

.33 

0.73 

0.29 

0.44 

1.45 

0.64 

100  lbs. 

.00 

0.70 

0.53 

0.33 

1.96 

nitrogen 

.00 

0.61 

0.68 

0.29 

1.41 

Av. 

.00 

0.66 

0.61 

0.31 

1.70 

0.65 

50  lbs. 

.15 

2.23 

1.58 

1.77 

2.09 

nitrogen 

.00 

2.14 

1.40 

1.71 

1.27 

+  80  lbs. 

P205 

Av. 

.08 

2.19 

1.49 

1.74 

1.68 

1.43 

100  lbs. 

.00 

2.17 

1.81 

2.11 

2.48 

nitrogen 

.32 

2.08 

1.69 

2.04 

1.91 

+  30  lb3. 

p2°5 

Av. 

.16 

2.13 

1.75 

2.08 

2.20 

1.66 

80  lbs. 

.00 

1.18 

0.60 

1.03 

1.38 

P2O5 

.00 

1.17 

0.69 

0.80 

1.21 

Av. 

.00 

1.18 

0.65 

0.92 

1.30 

0.81 

Cheok 

.00 

1.02 

0.40 

0.38 

0.99 

.00 

0.74 

0.35 

0.70 

1.07 

Av. 

.00 

0.88 

0.38 

0.54 

1.03 

0.57 

Grand 

Av. 

.09 

1.29 

0.86 

1.00 

1.56 

0.96 

*   I  "Sod 

-bound 

"  soil 

,  Neosho 

County. 

II  Cultivated 

soil, 

Meosho 

County. 

III  "Sod> 

-bound 

"  soil 

,  local. 

IV  Cultivated 

soil. 

local. 

V  "Non 

-sod-bound" 

soil,  local. 

„ 

Table  11. 

Yield  of  top  growth  of  bromegrasa  seedlings 

follow- 

ing  applications  of  nitrogen  and  phosphorus 

on  five 

soils  in  the  greenhouse. 

Clipped  April  24 

(1)  pnd 

June  1  ( 2 ) , 

1946.  Yields 

expressed 

as  dry 

weight 

( grains)  per 

pot. 

Treatment 

Source 

Of  BOll* 

I 

II     III 

IV 

V 

Average 

50  lbs. 

(1) 

0.20 

0.69    0.24 

0.92 

3.83 

1.18 

nitrogen 

(2) 

0.60 

1.21    0.25 

1.01 

1.92 

1.00 

Av. 

0.40 

0.25 

0.97 

2.88 

1.09 

100  lbs. 

(1) 

0.18 

0,65    0.98 

0.40 

6.04 

1.65 

nitrogen 

(2) 

0.30 

1.35    1.56 

0.81 

3.11 

1.43 

Av. 

0.24 

1.00    1.27 

0.61 

4.58 

1.54 

50  lbs. 

(1) 

1.01 

2.47    2.57 

2.72 

3.83 

2.52 

nitrogen 

(2) 

1.93 

1.60    1.28 

1.50 

2.29 

1.72 

+  80  lbs. 

■ 

PeoB 

Av. 

1.47 

2.04    1.93 

2.11 

3.06 

2.12 

100  lbs. 

(1) 

2.04 

4.26    3.59 

4.95 

4.23 

3.81 

nitrogen 

(2) 

1.58 

2.86    1.94 

3.00 

3.57 

2.59 

+  80  lbs. 

T205 

Av. 

1.81 

3.56    2.77 

3.90 

3.90 

3.20 

80  lbs. 

(1) 

0,41 

1.56    1.18 

1.00 

2.71 

1.37 

P2O5 

(2) 

0.00 

0.77    1.10 

0.88 

1.98 

0.95 

Av. 

0.21 

1.17    1.14 

0.94 

2.35 

1.16 

Check 

(1) 

0.37 

0.31    0.29 

1.47 

2.43 

0.97 

(2) 

0.42 

0.46    0.22 

0.91 

1.57 

0.72 

Av. 

0.40 

0.39    0.26 

1.19 

2.00 

0.85 

April  24 

Av. 

0.70 

1.66    1.48 

1.91 

3.85 

1.92 

June  1 

Av. 

0.81 

1.38    1.06 

1.35 

2.41 

1.40 

*   I  "Sod 

-bound"  soil 

,  'Teosho  Countj 

. 

- 

II  Cultivated  soil. 

Neosho  County. 

III  "Sod 

-bound"  soil 

,  local. 

IV  Cultivated  soil. 

local. 

V  "Non 

-sod- 

■bound" 

soil,  local. 

Table  12.  Analysis  of  variance  of  the  yield  of  top  growth  of 
broinegrass  seedlings  from  aprlications  of  nitrogen 
and  phosphorus  on  five  soil3  in  the  greenhouse. 
Clipped  April  24  and  June  1,  1946. 


Sources  of  variation 

at 

fifl 

V 

Total 

59 

106.3120 

Between  soils 

4 

37.7646 

9.441  ** 

Between  treatments 

5 

38.4779 

7.696  *«■ 

Between  dates 

1 

4.0301 

4.030  •'••" 

Interaction  S  x  T 

20 

13.8850 

0.6943* 

Interaction  S  x  D 

4 

3.9024 

0.976  * 

Interaction  T  x  D 

5 

2.1401 

0.4280 

Interaction  S  x  T  x  D 

20 

6.1119 

0.3056 

»  Indicates  significance  at  five  percent  level. 
**  Indicates  significance  at  one  percent  level. 
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One  hundred  pounds  of  nitrogen  with  phosphorus  produced 
a  significantly  higher  yield  than  50  pounds  of  nitrogen  with 
phosphorus,  which,  in  turn,  was  higher  than  100  pounds  of 
nitrogen  alone.  One  hundred  pounds  nitrogen  alone  was  sig- 
nificantly higher  than  phosphorus  alone.  There  was  no  sig- 
nificant difference  between  phosphorus  alone,  50  pounds 
nitrogen  alone,  or  the  check. 

The  "non- sod-hound"  sod  from  the  fence  row  gave  a  yield 
significantly  higher  than  any  other  soil.  The  "sod-bound" 
soil  from  Neosho  County  was  significantly  lower  than  any  other 
in  all  treatments. 

The  April  24  clipping  produced  a  higher  yield  than  the 
June  1  clipping.  This  would  be  expeoted  in  view  of  the  fact 
that  the  first  mentioned  clipping  had  a  49 -day  growing  period 
compared  with  37  days  for  the  latter. 

The  threo  treatments:  50  pounds  nitrogen  alone,  100 
pounds  nitrogen  alone,  and  phosphorus  alone  gave  the  greatest 
yields  on  the  "non-sod-bound"  soil.  One  hundred  pounds  nitro- 
gen with  phosphorus  gave  the  greatest  yields  on  the  cultivated 
soil  and  "non- sod-bound"  soil,  followed  by  the  local  "sod- 
bound"  soil,  with  the  Neosho  County  "sod-bound"  soil  lowest 
with  that  treatment. 

The  yield  of  the  "sod-bound"  sod  from  Neosho  County  in- 
creased slightly  at  the  last  clipping.  The  plants  were  also 
more  vigorous  in  appearance  at  that  time,  which  might  indicate 
that  the  depressing  effect  of  the  "sod-bound"  condition  was 
diminishing.  At  the  first  clipping  of  tops,  February  2,  many 
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of  the  plants  in  the  "sod-bound"  sod  from  Neosho  County  were 
in  such  a  weakened  condition  that  they  did  not  survive, 
fewer  number  of  plants,  then,  would  not  give  a  true  relation 
between  the  soils  in  later  clippings. 

The  number  of  culms  per  pot  were  determined  at  the  time 
of  the  first  clipping.  The  greatest  number  of  tillers  was 
produced  by  nitrogen  and  phosphorus  in  combination,  followed 
by  phosphorus  alone.  There  was  no  significant  difference  be- 
tween nitrogen  alone  and  the  check. 

Between  soil  means  the  greatest  tillering  occurred  on  the 
cultivated  and  "non-sod-bound"  soil.  In  both  treatment  and 
soil  means  the  yield  of  tops  was  closely  associated  with  the 
number  of  culms.  The  number  of  culms  produced  by  the  differ- 
ent soils  and  treatments  followed  the  same  order  at  the  March 
6  clipping  with  the  exception  of  the  "sod-bound"  soil  from 
Neosho  County,  which  was  considerably  lower  than  any  other 
because  of  the  number  of  plants  which  failed  to  survive  the 
first  clipping.  An  average  of  five  and  one-fifth  of  the 
original  eight  plants  in  this  soil  had  not  recovered  following 
the  first  clipping. 

The  percent  protein  of  the  tops  at  the  first  two  clip- 
pings is  shown  in  Table  13.  The  highest  protein  percentage 
was  produced  by  treatments  of  nitrogen  alone.  Phosphorus 
alone  produced  a  significantly  lower  percent  of  protein  than 
any  other  treatment.  Differences  between  the  check  and  com- 
binations of  nitrogen  and  phosphorus  were  not  significant. 
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Among  the  means  of  soils  the  protein  percent  of  the  tops 
on  the  cultivated  soil  from  Neosho  County  was  significantly 
higher  than  on  the  adjaoent  "sod-hound"  soil.  Other  differ- 
ences were  not  significant.  The  clipping  made  March  6  was 
significantly  higher  In  protein  percentage  than  the  earlier 
clipping  made  February  2. 

The  total  production  of  protein  per  pot  is  shown  in 
Table  14.  The  analysis  of  variance  table  is  shown  in  Table 
15.  The  greatest  amount  of  protein  was  produced  by  the  com- 
bination of  nitrogen  and  phosphorus.  Fifty  pounds  of  nitrogen 
alone  was  barely  significant  over  the  check.  Among  the  soils 
the  highest  yield  of  protein  was  made  by  the  "non- sod-bound" 
soil  and  the  NeoBho  County  cultivated  soil.  The  latter  was 
significantly  higher  than  the  local  cultivated  soil,  which, 
In  turn,  was  higher  than  the  Neosho  County  "sod-bound"  soil. 

The  average  yield  of  protein  at  the  second  clipping  was 
significantly  higher  than  the  first  clipping.  It  should  be 
noted  that  both  the  yield  and  percentage  of  protein  was  higher 
at  the  "arch  6  clipping. 

Considering  the  check  pots,  the  "sod-bound"  soils  pro- 
duced significantly  lower  yields  of  protein  than  the  others. 
Nitrogen  alone  Increased  the  protein  production  of  the  "non- 
sod-bound"  soil  significantly  greater  than  any  other.  Nitrogen 
plus  phosphorus  increased  the  production  of  all  soils  In  about 
the  same  proportion. 

Nitrate  determinations  were  made  on  all  soils  on  December 
2,  May  4,  and  June  7.  Samples  were  taken  from  check  pots 
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Table  15.  Analysis  of  variance  of  yield  of  protein  of  brome- 
grass  tops  following  applications  of  nitrogen  and 
phosphorus  on  five  soils  in  the  greenhouse  (two 
clippings). 


Sources  of  variation 

DV 

ss 

V 

Total 

59 

1.3063 

Between  soils 

4 

0.4252 

.1063  ** 

Between  treatments 

5 

0.4391 

.0878  ** 

Between  dippings 

1 

0.1101 

.1101  «* 

Interaction  S  x   T 

20 

0.1799 

.0090  ** 

Interaction  S  x  C 

4 

0.0685 

.0171  *» 

Interaction  T  x   C 

5 

0.0377 

.0075  ■ 

Interaction  S  x  T  x   C 

20 

0.0458 

.00229 

*  Indicates  significance  at  five  percent  level. 
**  Indicates  significance  at  one  percent  level . 


which  had  been  watered  the  same  aa  the  other  pot8  but  in  which 
nothing  was  planted.  The  determinations  are  given  in  Table  16. 
Determinations  were  made  in  duplicate. 

Table  16.  Parts  per  million  of  nitrates  in  untreated  soil  in 
the  greenhouse. 

Source  of  soil Dec.  2     Kay  4     June  7 

"Sod-bound"  bromegraas 
soil,  Neosho  County  51       209       245 

Cultivated  soil,  Neosho 
County  49        164        80 

"Sod-bound"  bromegraas 
soil,  local  41        77       101 

Cultivated  soil, 
local  40        63        54 

"Non-sod-bound"  brome- 
grass  soil,  local  78       119       152 


The  weight  of  roots  produced  per  pot  at  each  of  the  three 
dates  of  sampling  is  given  in  Table  17.  The  root  growth  at 
the  first  clipping  is  ahown  in  Plates  IV,  V,  and  VI.  One 
hundred  pounds  of  nitrogen  with  phosphorus  produced  the  great- 
est yield  of  roots  at  the  last  sampling  date,  June  3.  Next 
in  order  was  50  pounds  nitrogen  with  phosphorua,  followed  by 
phosphorus  alone.  The  latter  was  significantly  higher  than  50 
pounds  nitrogen  alone  and  checks. 

Considering  the  soil  meana  at  this  same  sampling  date,  the 
"non-sod-bound"  sod  gave  the  highest  yield,  followed  by  the  two 
cultivated  soils  and  finally  the  "sod-bound"  soils. 


Table  17. 

Yield  of  roots  of  broiaegraes 

seedlings  at  three  dif- 

ferent  date 

s  following  applications 

of  nitrogen  and 

phosphorus 

to  pots 

in  the  greenhouse 

.  famt 

>les  taken 

February  2 

(1),  March  6  (2), 

and  June  3  (3 

,  1946. 

• 

Yields  expressed  as 

dry  weight  (crams)  per 

pot. 

'rreatnent 

Source  of  soil* 

I 

II 

III 

IV 

V 

Average 

50  lbs. 

(1) 

0.13 

1.07 

0.89 

0.41 

1.99 

0.90 

nitrogen 

(2) 

1.22 

0.74 

0.69 

0.54 

1.19 

0.88 

(3) 

0.57 

1.70 

0.60 

1.53 

4.98 

1.88 

100  lbs. 

(1) 

0.16 

0.81 

0.64 

1.19 

1.07 

0.73 

nitrogen 

(2) 

0.17 

0.62 

0.58 

0.35 

1.84 

0.71 

(3) 

0.52 

1.69 

2.37 

1.07 

6.81 

2.49 

50  lbs. 

(1) 

0.73 

2.15 

1.69 

1.64 

1.91 

1.62 

nitrogen 

(2) 

0.44 

2.36 

1.96 

2.56 

1.95 

1.85 

+  80  lbs. 

(3) 

2.21 

7.54 

4.41 

5.33 

6.71 

5.24 

P2°5 

100  lbs. 

(1) 

0.74 

1.76 

1.69 

1.49 

1.58 

1.45 

nitrogen 

(2) 

0.20 

2.64 

2.95 

2.15 

1.97 

1.98 

+  80  lbs. 

(3) 

2.24 

10.01 

4.95 

10.25 

9.38 

7.37 

P2O5 

80  lbs. 

(1) 

0.41 

2.13 

1.36 

1.29 

1.34 

1.31 

p2°5 

(2) 

0.23 

2.09 

1.68 

1.26 

2.34 

1.52 

(3) 

0.10 

3.02 

3.66 

2.97 

5.29 

3.01 

Check 

(1) 

0.07 

1.01 

0.74 

0.30 

1.34 

0.79 

(2) 

0.02 

0.90 

0.74 

0.37 

1.75 

0.76 

(3) 

0.51 

0.56 

0.53 

3.03 

3.15 

1.56 

Feb.  2  Average 

0.37 

1.49 

1.17 

1.14 

1.54 

1.14 

Mar.  6  Average 

0.38 

1.56 

1.43 

1.21 

1.84 

1.23 

June  3  Average 

1.03 

4.09 

2.75 

4.03 

6.05 

3.59 

*   I  "Sod 

-bound"  soil 

,  Neosho 

County. 

II  Cultivated  soil, 

Neosho 

County. 

III  "Sod 

-bound"  soil 

,  local. 

IV  Cultivated  soil, 

local. 

V  "Hon 

-sod- 

bound" 

soil,  local. 

The  soil  or  treatment  produolng  the  greatest  yield  of  tops 
also  produced  the  greatest  yield  of  roots  at  each  clipping  of 
tops.  V.'ith  only  few  minor  exceptions  the  same  order  of  yields 
in  both  soils  and  treatments  held  for  both  tops  and  roots. 

Nitrogen  alone  stimulated  root  development  in  the  "non- 
sod-bound"  soil  significantly  more  than  in  any  other  soil. 
The  combinations  of  nitrogen  and  phosphorus  and  phosphorus 
alone  produced  about  the  same  increases  in  root  yield  in  all 
soils. 

Response  of  Seedlings  to 
Nitrogen  and  Phosphorus  in  the  Field 

Field  plots  were  established  in  March,  1946,  to  determine 
the  response  of  seedlings  under  field  conditions.  The  yields 
of  grasses  and  weeds  from  these  plots  are  given  in  Tables  18 
and  19.  Analysis  of  variance  showed  a  significant  difference 
between  means  of  phosphorus  rates  only.  The  40-pound  rate  of 
P2O5  produced  a  significantly  lower  yield  than  did  the  80- 
pound  rate  or  check.  The  60-pound  rate  of  nitrogen  produced 
the  greatest  yield  among  nitrogen  rates  but  it  was  not  sig- 
nificantly greater. 

Analysis  of  variance  of  the  yield  of  weeds  showed  a 
highly  significant  difference  between  the  means  of  the  nitro- 
gen rates.  With  a  least  significant  difference  of  93.5,  the 
100-pound  and  60-pound  rates  of  nitrogen  produced  significantly 
greater  yields  of  weeds  than  did  the  20-pound  rate  or  check. 

Analysis  of  covariance  of  grass  and  weeds  showed  a 


Table  18.  Yield  of  top 

of  bromegra3S 

46 
seedlings  fol- 

lowing  applications 

of  nitrogen  and  phosphorus 

fertilizer 

s  in  the 

field. 

Yields 

expressed  as 

dry  weight 

(lbs.)  per  acre 

). 

Pounds  nitrogen 
_p_er  acre 

Pounis 

'20g  per 

acre 

~0* 

40 

86 

Average 

0 

794 

312 

587 

793 

324 

750 

548 

323 

414 

464 

317 

564 

775 

785 

820 

519 

1107 

867 

Average 

649 

528 

667 

615 

20 

1054 

342 

741 

809 

666 

529 

674 

386 

751 

766 

318 

535 

435 

902 

514 

678 

762 

435 

Average 

736 

563 

584 

628 

60 

656 

440 

598 

512 

543 

1055 

658 

464 

923 

384 

408 

1270 

857 

1172 

985 

1127 

822 

988 

Average 

699 

642 

970 

770 

100 

1132 

464 

599 

1234 

590 

606 

390 

411 

751 

657 

561 

836 

265 

413 

897 

573 

746 

914 

Average 

709 

531 

767 

669 

Grand  Average 

698 

566 

747 

Table  19.  Yield  of  weeds  (lb: 

3.  per  A 

. )  f* 

plots  of  brorae- 

grass  seedlings 

fertilized 

with  nitrogen  and 

phosphorus 

(see 

Table  1G). 

Pounds  nitrogen 
per  acre 

Pounds 

20$  per 

acre 

0 

40 

../.) 

Average 

0 

199 

103 

207 

112 

76 

162 

215 

206 

393 

235 

114 

237 

284 

335 

431 

125 

310 

397 

Average 

195 

191 

305 

230 

20 

280 
310 
109 
263 
146 
147 

99 
181 
186 
193 
280 
288 

178 
157 
168 
276 
271 
710 

Average 

209 

205 

293 

236 

60 

339 
709 
230 
644 
236 
181 

357 
387 
175 
478 
662 
511 

318 
373 
149 
122 
302 
613 

Average 

390 

428 

313 

377 

100 

217 
246 
327 
755 
422 
528 

109 
190 
142 
246 
432 
402 

338 
387 
417 
202 
386 
309 

Average 

416 

254 

340 

336 

• 

Orand  Average 

302 

269 

313 

295 

signif leant  positive  correlation  coefficient  (r  ■  .9198  with 
three  degrees  of  freedom)  for  the  means  of  nitrogen  rates, 
and  a  highly  significant  positive  correlation  coefficient 
(r  ■  .9993  with  two  degrees  of  freedom)  for  the  means  of  the 
phosphorus  rates.  The  correlation  coefficient  for  error  (r  ■ 
-.138  with  58  degrees  of  freedom)  was  not  significant.  This 
negative  correlation  for  error  would  Indicate,  however,  that 
within  treatments  an  increased  growth  of  bromegrass  would  re- 
sult in  decreased  growth  of  weeds,  but  applications  of  nitro- 
gen or  phosphorus  fertilizers  will  increase  both  weeds  and 
grass  proportionately. 

The  yields  of  roots  from  the  same  plots  as  above  are 
given  in  Table  20.  Analysis  of  these  data  showed  no  signifi- 
cance between  the  means  of  either  nitrogen  or  phosphorus. 
The  highest  yield  among  the  nitrogen  means  was  in  the  20- 
pound  rate  and  the  lowest  in  the  100-pound  rate  (Plate  I, 
Figure  3).  Among  the  phosphorus  means  the  highest  yield  was 
in  the  80-pound  rate  and  lowest  in  the  40-pound  rates. 

Analysis  of  covarlance  of  tops  (grass)  and  roots  revealed 
a  highly  significant  positive  correlation  coefficient  (r  * 
.996  with  two  degrees  of  freedom)  for  the  means  of  phosphorus 
rates.  The  correlation  coefficient  of  the  nitrogen  means  was 
negative  (-.396)  but  not  significant. 

It  is  interesting  to  note  that  those  nitrogen  rates 
which  gave  the  largest  yield  of  tops  gave  the  smallest  root 
yield,  and  vice  versa,  as  shown  in  Table  21. 


Table  20.  Yield  of 

roots,  dry 

(lbs.)  per 

■  acre,  of 

bromegrass  seedlings  following  applications  of 

nitrogen 

and  phosphorus  in 

the  field 

(six  repli- 

cations) . 

Pounds  nitrogen 
per  acre 

Pounds  ?2°5  per  acre 

0 

40 

80 

Averase 

0 

1800 

1330 

2540 

1670 

1740 

1860 

1690 

2090 

1420 

1480 

2160 

3020 

1860 

2230 

1860 

2140 

2710 

Average 

1948 

1707 

2232 

1962 

20 

2090 

1480 

2140 

2610 

2030 

2110 

2050 

1450 

2240 

2090 

1930 

2550 

1760 

2690 

1330 

. 

2040 

1880 

2190 

Average 

2107 

2043 

2177 

2109 

60 

2240 

2380 

3090 

2000 

1290 

2350 

1330 

1230 

2210 

1900 

1780 

1610 

2170 

2400 

1450 

1590 

1240 

1990 

Average 

1955 

1720 

2117 

1931 

100 

2870 

1520 

1520 

2810 

2190 

2400 

2110 

2110 

1860 

1160 

1240 

2520 

1850 

1640 

1360 

980 

1330 

1710 

Average 

1963 

1672 

1895 

1843 

Grand  Average 

1993 

1785 

2105 

1961 

Table  21.  Production  of  roots  and  tops  (lbs.  per  A.)  of 
bromegrass  seedlings  under  varying  rates  of 
nitrogen  (means  of  18  samples). 


Pounds  all  roj  ;•  i 

per  acre 

Root  yield 

Top  yield 

0 

1962 

615 

20 

2109 

628 

60 

1931 

770 

100 

1843 

669 

No  significant  differences  in  density  of  stand  were  ob- 
tained on  the  above  plots.  Slight  increases  in  density  of 
grasses  with  Increased  amounts  of  nitrogen  were  observed  but 
they  were  not  large  enough  to  be  significant.  Among  the 
phosphorus  levels  the  40-pound  rate  produced  the  lowest 
density. 

Yields  were  not  obtained  on  the  series  of  plots  planted 
March  22,  1946,  on  the  cultivated  area  because  of  the  poor 
stand  obtained  and  the  large  proportion  of  weeds.  Density 
counts  on  this  area  did  not  provide  significant  increases  in 
the  density  of  the  bromegrass  as  a  result  of  nitrogen  or 
phosphorus  applications.  Analysis  of  the  data  showed,  how- 
ever, a  highly  significant  difference  in  density  of  weeds, 
the  greatest  number  of  weeds  being  produced  by  low  rates  of 
nitrogen.  The  60-pound  rate  of  nitrogen  was  significantly 
lower  than  the  check,  and  the  100-pound  rate  was  significantly 
lower  than  either  the  20-pound  rate  or  cheok. 
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DISCUSSION 

Response  of  Roots  of 
Bromegrass  to  nitrogen  and  Phosphorus 

Observations  were  made  on  the  effect  of  nitrogen  and 
phosphorus  fertilizers  on  root  development  in  bromegrass. 
The  response  was  noted  under  greenhouse  conditions  with  seed- 
lings and  in  the  field  with  established  stands  and  with  seed- 
lings. 

Surface  applications  of  phosphorus  to  established  stands 
of  bromegrass  gave  no  increase  in  root  yield.  This  is  in 
agreement  with  Sprague  (1932)  who  found  no  correlation  be- 
tween the  supply  of  available  phosphorus  and  root  growth  of 
perennial  grasses.  The  field  tests  with  seedlings  gave  no 
significant  differences  in  root  yields  with  phosphorus  appli- 
cations. 

However,  significant  increases  were  shown  in  yield  of  both 
tops  and  roots  resulting  from  phosphorus  applications  to 
bromegrass  seedlings  in  the  greenhouse.  There  was  little 
difference  between  the  "sod-bound"  and  cultivated  soils  in 
response  to  phosphorus.  The  greatest  yield  of  roots  was  pro- 
duced by  a  combination  of  nitrogen  and  phosphorus.  All  soils 
responded  equally  well  to  this  treatment. 

The  application  of  nitrogenous  fertilizers  to  established 
stands  of  bromegrass  has  generally  resulted  in  significant 
increases  in  yield  of  roots.  The  only  exception  was  the 
series  fertilized  April  24,  1946,  in  which  nitrogen  rates  of 
200,  140,  and  100  pounds  per  acre  brought  about  a  decrease  in 
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root  growth.  7,'illard  (1932)  found  that  heavy  applications  of 
nitrogen  brought  about  a  temporary  reduction  in  the  amount  of 
roots  of  bluegrass,  but  toward  the  end  of  the  season  there 
was  no  difference  between  the  treated  and  untreated  plots. 
In  the  present  study,  however,  the  ultimate  effect  was  an  in- 
crease in  quantity  of  root  material.  Considering  all  of  the 
data,  100  pounds  of  nitrogen  per  aore  produced  the  greatest 
amount  of  roots,  followed  closely  by  60  pounds  per  acre. 
Increasing  or  decreasing  the  rate  of  nitrogen  from  these  amounts 
resulted  in  smaller  increases  in  yield  of  roots.  All  rates  of 
nitrogen  ultimately  produced  more  root  growth  than  the  checks. 
The  April  24  series  mentioned  above  gave  a  greater  forage 
yield  than  any  other  series.  There  was  a  significant  negative 
correlation  between  root  production  and  top  growth.  Graber 
(1931)  noted  that  heavy  nitrogenous  fertilization  of  blue- 
grass  made  possible  the  stimulation  of  top  growth  at  the  ex- 
pense of  root  growth.  He  also  noted  that  this  stimulation 
may  accelerate  the  accumulation  of  the  reserve  carbohydrates 
when  the  plant  is  given  an  opportunity  for  suoh  storage. 
Sprague  (1932)  also  noted  that  liberal  supplies  of  nitrogen 
stimulated  top  growth  at  the  expense  of  the  carbohydrate  re- 
serves and  the  development  of  the  root  system.  In  the  April 
24  series  the  200-,  140-,  and  100-pound  nitrogen  rates 
definitely  stimulated  top  growth  at  the  expense  of  root  growth. 
However,  as  the  other  series  in  this  study  show,  and  as  was 
suggested  by  Graber  above,  this  first  depressing  effect  was 
followed  by  increased  root  growth  after  a  sufficient  time  had 


elapsed  and  the  plants  were  given  an  opportunity  for  storage. 

With  the  limited  rainfall  received  during  the  spring  of 
this  study  (1946)  the  bromegrass  did  not  give  so  great  a 
vegetative  response  as  would  be  expected  in  a  period  of  normal 
rainfall.  However,  with  the  previously  mentioned  exoeption  in 
series  M7,  the  root  yields  increased  with  applications  of 
nitrogen.  It  seems  probable  that  in  those  series  which  made 
very  little  top  growth  the  root  system  was  Increased  without 
the  preliminary  depressing  effect. 

The  correlation  of  yield  of  roots  at  various  nitrogen 
levels  with  the  number  of  growing  days  between  fertilization 
and  sampling  was  positive  and  highly  significant.  However, 
there  seemed  to  be  a  certain  length  of  time  after  which  no 
further  increases  occurred.  It  was  not  determined  in  this 
study  how  long  the  effects  of  one  application  would  be  apparent 
in  the  root  system.  In  the  fall  sampled  series  which  had  been 
fertilized  September  30,  1944,  the  differences  were  not  con- 
sistent, whloh  might  suggest  about  one  year  as  the  limit  of 
measurable  differences. 

Response  of  Seedlings 

Greenhouse  tests  showed  significant  responses  of  brome- 
grass seedlings  to  phosphorus,  but  only  limited  response  to 
nitrogen  alone.  The  greatest  response  was  obtained  from  a 
combination  of  nitrogen  and  phosphorus.  The  first  clipping 
of  tops  showed  no  difference  between  50-  and  100-pound  rates 
of  nitrogen.  At  the  last  two  clippings  there  were  slight 


differences  in  favor  of  the  100-pound  rates. 

Field  tests  showed  significant  differences  between  phos- 
phorus means  hut  no  significant  increases  as  a  result  of 
nitrogen.  The  80-pound  ?2°5  rate  and  check  were  significantly- 
higher  in  yield  of  tops  and  roots  than  the  40-pound  rate.  No 
explanation  can  be  offered  for  this  response  of  40  pounds  of 

p2°5- 

In  the  greenhouse  the  two  "sod-hound"  30ils  produced  a 

signifioantly  lower  yield  than  the  other  three  soils.  These 
"sod-hound"  soils  gave  only  limited  response  to  either  nitro- 
gen or  phosphorus  alone,  these  treatments  at  the  first  clip- 
ping producing  a  lower  yield  than  the  corresponding  cultivated 
soil  checks.  Combinations  of  nitrogen  and  phosphorus  increased 
the  yields  above  that  level.  '.Vithln  the  same  treatment,  how- 
ever, the  yield  of  the  "sod-bound"  soils  was  always  lower. 

These  results  show  that  the  immediate  productive  capacity 
of  the  "sod-bound"  soils  is  definitely  lower  than  the  corres- 
ponding cultivated  soils.  Although  the  yields  of  the  "sod- 
bound"  soils  were  increased  by  applications  of  nitrogen  and 
phosphorus  in  combination,  the  yields  of  the  cultivated  soils 
were  increased  even  greater  by  that  treatment.  This  suggests 
that  there  are  other  nutritional  deficiencies  besides  nitrogen 
and  phosphorus  connected  with  this  "sod-bound"  condition. 

Considering  the  last  two  clippings  of  tops  in  the  green- 
house, both  100  pounds  of  nitrogen  alone  and  phosphorus  alone 
increased  the  yield  of  the  local  "sod-bound"  soil  to  the  level 
of  the  untreated  cultivated  soil.  Phosphorus  alone  caused  a 
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slight  increase  over  the  corresponding  cultivated  soil.  The 
ratio  of  the  average  yield  of  the  local  "sod-bound"  to  culti- 
vated soil  at  the  last  clipping  was  0.78  compared  to  0.58  at 
the  first  clipping.  This  suggests  that  further  tests  should 
he  made  to  determine  the  persistancy  of  this  suppressing 
effect  of  the  "sod-hound"  condition.  The  effects  of  this  con- 
dition were  becoming  less  apparent  at  the  close  of  this 
experiment . 

The  number  of  culms  produced  by  the  different  soils  and 
treatments  in  general  followed  the  same  order  as  the  yields. 

The  results  of  the  protein  percentage  analysis  followed 
the  same  trends  as  have  been  noted  under  field  conditions. 
The  highest  protein  percentage  was  produced  by  nitrogen  alone. 
Phosphorus  alone  produced  the  lowest  percentage.  Tyson  (1939) 
noted  that  applications  of  phosphate  had  a  slight  tendency  to 
decrease  the  percent  of  nitrogen  in  the  grass. 

The  total  production  of  protein  followed  closely  the 
total  yield  of  tops,  except  that  phosphorus  produced  no 
greater  amount  of  protein  than  nitrogen  alone. 

Nitrate  determinations  on  the  bromegrass  sods  showed  in- 
creased nitrification  until  the  close  of  the  experiment.  The 
cultivated  soils  had  begun  to  decrease  at  that  tine.  The 
high  rate  of  nitrification  of  the  Neosho  County  "sod-bound" 
soil  should  be  noted.  Newton  (1939),  using  growing  crops  as 
indicators  of  soil  nitrification  rates,  found  that  bromegrass 
was  distinctly  poorer  than  other  grasses  studied  in  its  after- 
effects on  wheat. 
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These  higher  rates  of  nitrification  on  the  "sod-bound" 
soils  suggests  that  under  conditions  of  this  experiment  the 
amount  of  nitrates  present  in  the  soil  was  not  a  limiting 
factor  in  the  production  of  bromegrass  seedlings  on  the  "sod- 
bound"  soils. 

Bromegrass  seedlings  in  the  field  responded  to  nitrogen 
in  a  similar  manner  as  established  stands.  With  the  seedlings 
20  pounds  of  nitrogen  produced  the  greatest  root  development 
with  larger  amounts  of  nitrogen  causing  smaller  root  yields. 
(Figure  3).  The  60-  and  100-pound  rates  of  nitrogen  gave 
lower  root  yields  than  the  check,  although  not  significantly 
lower.  These  results  are  in  close  agreement  with  the  April 
24  series  on  established  stands  of  bromegrass  described 
earlier. 

In  the  field  tests,  no  significant  differences  in  density 
of  stand  of  bromegrass  were  obtained  as  a  result  of  applica- 
tions of  nitrogen  or  phosphorus.  On  one  series  of  plots  a 
highly  significant  difference  was  obtained  in  density  of  we«ds 
between  nitrogen  rates.  The  greatest  number  of  weeds  was  pro- 
duced by  low  rates  of  nitrogen  and  the  lowest  density  by  high 
rates  of  nitrogen. 

SUMMARY 

1.  The  effect  of  varying  rates  of  nitrogen  and  phosphorus 
fertilizers  on  the  root  development  and  on  seedling  growth  in 
bromegrass  (Bromus  lnermls  Leyss)  is  reported.  Rates  of  nitro- 
gen used  in  the  field  were  200,  140,  100,  60,  20,  and  0  pounds 
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elemental  nitrogen  per  acre.  Root  yields  are  expressed  ae 
pounds  of  oven  dry  root  material  in  the  top  five  inches  of 
soil, 

2.  The  immediate  effect  of  applications  of  readily 
available  nitrogenoxis  fertilizer  at  the  rate  of  100  pounds 
nitrogen  or  more  per  acre  to  established  stands  of  bromegrass 
has  been  a  reduction  in  the  amount  of  roots  below  the  level 
of  unfertilized  plots. 

3.  The  end  result  of  application  of  nitrogen  lias  been 
an  increase  in  the  amount  of  roots  by  all  rates  of  nitrogen. 

4.  The  maximum  yield  of  roots  was  produced  by  100 
pounds  of  nitrogen,  followed  olosely  by  60  pounds.  ftates  of 
nitrogen  above  or  below  these  rates  produced  smaller  increases 
in  yield. 

5.  Application  of  phosphorus  had  no  effect  on  root 
development  in  the  field. 

6.  Bromegrass  seedlings  have  made  significant  responses 
to  applications  of  phosphorus  and  greater  response  to  com- 
binations of  nitrogen  and  phosphorus  in  the  greenhouse.  Field 
plantings  made  in  March,  1946,  did  not  give  comparable  results. 

7.  Soil  from  "sod-bound"  bromegrass  fields  gave  signifi- 
cantly lower  yields  of  roots  and  tops  of  bromegrass  seedlings 
than  cultivated  soil  or  "non-sod-bound"  bromegrass  sod.  This 
depressing  effect  of  "sod-bound"  bromegrass  sod  persisted 
throughout  this  experiment. 

8.  Increased  yields  resulting  from  fertilization  of 
greenhouse  seedlings  were  accompanied  by  significant  increases 
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in  number  of  culms. 

9.  Application  of  nitrogen  alone  produced  a  significant 
increase  in  percentage  of  protein  in  bromegrass  seedlings 
(tops)  in  the  greenhouse.  Application  of  phosphorus  alone 
produced  a  significantly  lower  percentage  of  protein  than 
any  other  treatment. 

10.  The  total  production  of  protein  followed  essentially 
the  same  order  as  the  total  yield  of  tops,  except  that  phos- 
phorus alone  produced  no  more  protein  than  did  nitrogen  alone. 
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EXPLANATION  OP  PLATE  II 

Pig.  4.  The  effect  of  application  of  80  pounds  of  Pg05 
per  acre  on  the  growth  of  bromegrass  seedlings 
on  five  soils  In  the  greenhouse.  Upper,  left  to 
right!  Neosho  County  "sod-hound"  soil,  Neosho 
County  cultivated  soil.  Lower,  left  to  right: 
local  "sod-bound"  soil,  local  cultivated  soil, 
local  "non-sod-bound"  soil. 

Pig.  5.  The  effect  of  application  of  50  pounds  of  nitro- 
gen plus  80  pounds  of  P2°5  Per  acre  on  the 
growth  of  bromegrass  seedlings  In  the  greenhouse. 
(Order  of  soils  the  same  as  In  Figure  4) . 
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PLATE   II 
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Figure  5 


EXPLANATION  OP  PLATE  III 

Pig.  6.  The  growth  of  bromegrass  seedlings  on  five  un- 
treated soils  in  the  greenhouse.  Upper,  left  to 
right:  Neosho  County  "sod-hound"  soil,  Neosho 
County  cultivated  soil.  Lower,  left  to  right t 
local  "sod-bound"  soil,  local  cultivated  soil, 
local  "non-sod-hound"  soil. 

Pig.  7.  The  effect  of  application  of  50  pounds  of  nitro- 
gen per  acre  on  the  growth  of  hromegrass  seed- 
lings on  five  soils  in  the  greenhouse.   (Order  of 
soils  the  same  as  in  Figure  6). 
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PLATE  III 


Figure  6 


Figure  7 


EXPLANATION  OF  PLATE  IV 

Pig.  8.  The  effect  of  nitrogen  and  phosphorus  fertilizers 
on  root  development  of  bromegrass  seedlings  in 
the  greenhouse  on  "Jeosho  County  cultivated  soil. 
Each  mass  of  roots  produced  by  eight  plants. 
Left  to  right:  check,  50  pounds  of  nitrogen  per 
acre,  80  pounds  of  P2O5  per  acre,  and  50  pounds 
of  nitrogen  plus  80  pounds  of  P2O5  per  acre. 

Fig.  9.  The  effect  of  nitrogen  and  phosphorus  fertilizers 
on  root  development  of  bromegrass  seedlings  in 
the  greenhouse  on  soil  from  a  "sod-bound"  brome- 
grass field  in  Neosho  County.  (Order  of  treat- 
ments the  same  as  in  Figure  8). 
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EXPLANATION  OF  PLATE  V 

Pig.  10.  The  effect  of  nitrogen  and  phosphorus  fertilizers 
on  root  development  of  bromegrass  seedlings  in 
the  greenhouse  on  local  cultivated  soil.  Each 
mass  of  roots  produced  by  eight  plants.  Left  to 
rights  check,  50  pounds  of  nitrogen  per  acre, 
80  pounds  of  ?2^5  Per  &c*"e,  and  50  pounds  of 
nitrogen  plus  80  pounds  of  P2O5  per  acre. 

Pig.  11.  The  effect  of  nitrogen  and  phosphorus  fertilizers 
on  root  development  of  bromegrass  seedlings  in 
the  greenhouse  on  soil  from  a  local  "sod -bound" 
bromegrass  field.  (Order  of  treatments  the  same 
as  in  Figure  11) . 
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EXPLANATION  OP  PLATE  VI 

The  effect  of  nitrogen  and  phosphorus  fertilizers  on 
root  development  of  bromegrass  seedlings  in  the  greenhouse 
on  soil  from  local  "non-3od-boundn  bromegrass  sod.  Each 
mass  of  roots  produced  by  eight  plants.  Left  to  right: 
check,  50  pounds  of  nitrogen  per  acre,  80  pounds  of  P2O5 
per  acre,  and  50  pounds  of  nitrogen  plus  80  pounds  of 
p2°5  Per  acre. 
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